Introduction {#sec1-1}
============

Pregnancy is a physiological condition characterized by systemic alterations for the maintenance of the growing fetus.\[[@ref1]\] Both plasma volume and red cell mass increase in pregnancy at differential rates leading to a reduction of hematocrit (HCT) especially in the second trimester.\[[@ref1][@ref2]\] A lower cut-off of 33% or hemoglobin (Hb) concentration of 11 gram% was set by World Health Organization (WHO), below which pregnant women is considered to be anemic.\[[@ref3]\] To ensure optimal perception of the magnitude of anemia in pregnancy as a global public health problem as well as for the standardization of study findings, the use of a lower cut-off (HCT of 30% or Hb concentration of 10 gram%), canvassed for developing countries, is discouraged.\[[@ref4][@ref5]\] Globally, the epidemiology of anemia in pregnancy is characterized by marked difference in prevalence between developed and developing nations thus, about 52% in developing countries versus 23% in the developed countries.\[[@ref6]\] Furthermore, it has been observed that about one-half of pregnant women in Africa are anemic while the West African sub-region is the most affected.\[[@ref3][@ref6]\] Furthermore, varying prevalence of the condition has been reported from developing countries such as 85% in India,\[[@ref7]\] 42.6 in Nepal,\[[@ref8]\] 20% in Brazil,\[[@ref9]\] 32% in Ghana,\[[@ref10]\] 56.6% in Malawi,\[[@ref11]\] 47.4% in Tanzania,\[[@ref12]\] and 64% in Nigeria.\[[@ref13]\] The most recent report from the study center showed a relatively high prevalence of 40.4% among antenatal clinic attendees.\[[@ref14]\]

Iron deficiency is the most common cause of anemia in the general population and pregnancy state.\[[@ref6][@ref11]\] The predisposing factors during pregnancy include grand multiparity, low socioeconomic status, malaria infestation, late booking, human immunodeficiency virus (HIV) infection, and inadequate child spacing amongst others.\[[@ref15][@ref16][@ref17][@ref18]\] On the other hand, anemia in pregnancy is associated with increased rates of maternal and perinatal mortality, premature delivery, low birthweight, and other adverse outcomes\[[@ref11][@ref19][@ref20]\] such that its management is one of the keys to optimal maternal and neonatal health especially in Sub-Saharan Africa. In Nigeria, the condition is responsible for up to 11% of maternal deaths.\[[@ref21][@ref22]\]

As a secondary preventive health strategy aimed at early detection and treatment of anemia in pregnancy, it is a standard practice to routinely screen pregnant women for anemia during antenatal care as well as institute prophylactic oral iron therapy. Despite this intervention, our clinical experiences suggest that the magnitude of anemia in pregnancy may not be reducing. This concern calls for a regular monitoring of the HCT and anemia patterns in our environment so as to guide the interventions targeted at reducing the burden of the disorder.

On the other hand, it is expected that patient\'s arm preference should be sought for and respected by a caregiver or phlebotomist during the collection of blood sample for any clinical investigation;\[[@ref23]\] and this respect should even be more important during antenatal care since a majority of pregnant women are healthy and often need repeated HCT assessment. However, this consideration does not seem to be the practice in our environment. Therefore, in order to initiate and encourage the practice of seeking for and respecting arm preference during blood sample collection from pregnant women in our environment, it is important to determine whether this group of women does have varying arm preferences. Therefore, the objectives of this study were to determine the average HCT, prevalence, pattern, and predictors of anemia, as well as assess for arm preferences for blood specimen collection among pregnant women in Enugu, South East Nigeria.

Subjects and Methods {#sec1-2}
====================

The study was a cross-sectional survey of pregnant women attending the antenatal clinic of the University of Nigeria Teaching Hospital (UNTH) Enugu, South-Eastern Nigeria, in the months of May and June 2012. The center is a teaching hospital owned by the Federal Government of Nigeria. The antenatal clinic holds every weekday and attends to an average of 795 women (first visit and revisits)/month.\[[@ref24]\] As a routine, traditional antenatal care schedule is used at the clinic thus: Normal pregnant women are seen 4 weekly until 28 weeks of gestation, fortnightly until 36 weeks and then weekly until delivery;\[[@ref25]\] blood and urine samples are collected during booking for laboratory investigation including HCT, hepatitis B surface antigen screening, counseling and testing for HIV, venereal disease research laboratory test, and urinalysis. Repeat blood samples are collected in each trimester for HCT estimation as a way of monitoring for development of anemia in pregnancy. All pregnant women receive hematics and intermittent preventive treatment for malaria (IPTp). The routine daily hematinics include 60 mg of elemental iron and 5 mg of folic acid, while sulfadoxine-pyrimethamine is used for the IPTp. The study was approved by the Ethics Committee of the UNTH Enugu.

The sample population was 200 consenting consecutive booked pregnant women on the follow-up visit at the antenatal clinic of the hospital within the study period. The minimum sample size required to determine our major variable of interest HCT was calculated using the formula (*n* = Z^2^ × S^2^/d^2^) where Z = Z-score (95% confidence level), S = population standard deviation, and d = error margin.\[[@ref26]\] This sample population was adequate for the study based on an assumed population standard deviation of mean packed cell volume (PCV) of 1.41%,\[[@ref27]\] at 95% confidence level (Z = 1.96), and error margin of 0.5%. All singletons booked pregnant women who were sure of their date as well as those who were unsure of their dates but had first trimester ultrasound dating, were eligible for the study. Exclusion criteria included medical illness in pregnancy such as diabetes mellitus and HIV infection, obstetrics complications including pre-eclampsia, antepartum hemorrhage, non-use of hematinics, sickle cell anemia, and prior sampling in the study. Semi-structured questionnaire was administered to each participant by trained assistants (medical doctors), after obtaining an informed consent. The information sought for included participant\'s age, educational status, marital status, parity, arm preference for blood specimen collection and the reason. Afterward, the cubital fossa of the preferred arm was cleaned with cotton wool soaked with 70% alcohol,\[[@ref28]\] then; 0.5 ml of blood was collected from the antecubital vein using a sterile 2 ml syringe and transferred immediately into 2 plain heparinized capillary tubes. Clay sealant was used to seal the inferior ends of the capillary tubes before centrifuging for 5 min in a micro-HCT centrifuge (Hawksley HematoSpin 1400^®^). The HCT for each capillary tube was read immediately after centrifuging, with a Hawksley micro-HCT reader and the mean value for each participant was recorded on the result sheet. A duplicate copy of the result sheet was issued to each participant for presentation to her caregiver same day.

Statistical Package of the Social Sciences version 15 for windows (Chicago IL, USA) was used for data entry and analyses. Associations were compared using independent-samples *t*-test for continuous data, cross-tabulation, and multinomial logistic regression for categorical data. Results were presented using simple percentages, and tables as appropriate. Associations between variables were shown using *P* values, odd ratios (ORs) and confidence intervals (CI). A *P* \< 0.05 was considered statistically significant.

The major variable of interest in the study was the mean HCT of pregnant women at the study center. The secondary measures included the effect of trimester on the women\'s HCT; prevalence and predictors of anemia in pregnancy; as well as pattern and reason for arm preference among the women.

For the purpose of this study, anemia in pregnancy was defined as HCT of \< 33.0%;\[[@ref3]\] and classified into mild (27.0--32.9), moderate (21.0--26.9), and severe (\<21.0). Maternal obesity was defined as absolute weight of 90 kg and above, irrespective of trimester.\[[@ref29][@ref30]\]

Results {#sec1-3}
=======

The mean age and parity of study participants were 30.1 (5.1) (range = 19--45) years and 1.3 (1.5) (range = 0--6), respectively. Most participants were married (99.0%, 198/200), had tertiary education (74.0%, 148/200) and were at gestational ages of 28 weeks and above (59.0%, 118/200). Details of participants' characteristics are shown in [Table 1](#T1){ref-type="table"}.

###### 

Distribution of participants' characteristics
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For all participants, the mean HCT was 33.3 (3.7) (range = 21--44)%. The average HCT for women that were \<28 weeks of gestation was 33.9 (4.1)% while that of those that had gestational ages of 28 and above was 34.6 (3.4)%. An independent-samples *t*-test indicated that the observed difference was not statistically significant (*P* = 0.16). However, when participants recruited in first trimester (5.0%, 10/200) were excluded, the difference became significant (33.3 \[3.8\] vs. 34.6 \[3.4\], *P* = 0.01).

Of all participants, 56 women had HCT values below 33% which gave an anemia prevalence of 28.0%. A majority of the anemic women belong to the mild category (94.6%, 53/56) while the remainder had moderate anemia (5.4%, 3/56). There was no case of severe anemia. Only parity groups had a significant association with anemia in pregnancy thus: Linear-by-linear association showed an increasing prevalence of anemia across the parity sub-groups (*P* = 0.04) \[[Table 2](#T2){ref-type="table"}\]. Furthermore, when the odds of developing anemia were compared among the parity sub-groups using the multipara (para 1--4) as the baseline, a significant increase was only observed within the nulliparous group (OR = 1.9 \[CI 95%: 1.03, 3.62\], *P* = 0.04) \[[Table 3](#T3){ref-type="table"}\]. Gestational age of \<28 weeks had no significant association with anemia in pregnancy (OR = 1.5 \[CI 95%: 0.81, 2.81\], *P* = 0.19), and this did not change after controlling for the effect of first trimester (OR = 1.7 \[CI 95%: 0.92, 3.28\], *P* = 0.09) \[[Table 3](#T3){ref-type="table"}\]. Furthermore, the age of mothers who were anemic (mean \[M\] =29.5 \[5.2\]) did not differ from those with normal HCT (M = 30.3 \[5.0\], *t* = −994, *P* = 0.32). Maternal age of \<30 years (younger age), maternal obesity, and lower educational status (≤secondary) had no significant association with anemia in pregnancy. Details of the association between maternal variables and anemia in pregnancy are shown in [Table 3](#T3){ref-type="table"}.
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Association between parity groups and anemia in pregnancy
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Association between maternal characteristics and anemia in pregnancy
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With respect to the participant\'s arm preference for blood specimen collection, none of the participants reported being asked about her arm preference during blood collection for routine antenatal investigations at booking and afterwards. Ninety-five (47.5%, 95/200) participants did not express any specific arm preference while 34.5% (69/200) and 18.0% (36/200) of the women preferred their left and right arms, respectively. Of the 105 participants who preferred either the right or left arm, a majority (61.9%, 65/105) had no reason, 29 (27.6%, 29/105) did not want the pain following the sample collection to affect the use of their dominant arms, and the remaining 11 (10.5%, 11/105) women felt that access to blood vessels was easier on their preferred arm. All participants that preferred their left arms were right handed while five (13.9%, 5/36) women that preferred their right arms were left handed. When participants were asked whether they would prefer their opinion (in terms of arm preference) to be sought and the choice respected during subsequent blood collection for any investigations, 91.5% (183/200) responded positively while 5% (10/200) responded negatively. The remaining 3.5% (7/200) were indifferent. Details of the participants' responses in relation to their arm preferences are shown in [Table 4](#T4){ref-type="table"}.
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Participants' arm preferences and reasons
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Discussion {#sec1-4}
==========

The average HCT in this study is within the normal range for the pregnant population,\[[@ref3][@ref6]\] and this also holds for participants recruited in the second trimester--the period when hemodilution of pregnancy is most marked.\[[@ref1]\] This encouraging finding may be related to the high social class of the majority of the participants as suggested by their higher educational status. Nevertheless, the average HCT in this study is lower than 37.1% reported from a faith-based specialist hospital in the study area.\[[@ref27]\] The marked disparity is unexpected and difficult to explain, however, measurement bias cannot be ruled out from the earlier study which showed that the average HCT of its pregnant population was higher than that of nonpregnant control -- an unusual finding because of the hemodilution associated with pregnancy that is responsible for a lower cut-off for anemia in pregnancy when compared to nonpregnant population.\[[@ref1][@ref2]\] On the other hand, the average HCT in this study is expectedly higher than 29.6% observed from rural communities in Enugu,\[[@ref31]\] which may support the explanation above as regards women\'s social status and HCT. Furthermore, the average HCT found in this study is higher than 30.2%, and 33.0% reported from Lagos,\[[@ref32]\] and Ibadan,\[[@ref33]\] respectively. Furthermore, it is not surprising that the HCT observed in the second trimester was significantly lower than that in the third trimester because of the marked hemodilution that characterize this period of pregnancy.

This study showed an anemia prevalence of 28% which is almost a half of the figure reported in 2007 from the same center.\[[@ref14]\] Baring any effect of sampling error, this study finding may reflect an improvement in maternal health care over the period preceding the current study and suggests a downward category shift in the public health burden of anemia in pregnancy.\[[@ref6]\] It should be noted that participants in the previous study were recruited at booking and, therefore, were not on hematinics;\[[@ref14]\] and following that study, antenatal education for pregnant women at the study center was reviewed and emphasis was placed on the importance of good nutrition and adherence to hematinics administered during pregnancy. It is possible that this intervention had contributed to the observed reduction in anemia prevalence. Furthermore, the anemia prevalence in this study is far lower than findings of recent studies from urban (64.1%),\[[@ref13]\] and rural (69.3%)\[[@ref31]\] areas of Enugu state, Nigeria. Nutritional anemia especially iron deficiency is the most common cause of anemia, and it is related to socioeconomic status.\[[@ref6]\] Since the study population for these studies varied, it is likely that low socioeconomic status might have contributed to the observed disparity in anemia prevalence. A multi-center survey is, therefore, necessary to determine the actual epidemiology of the disorder in the state. We also suggest that the periodic HIV sentinel survey of Nigeria be expanded to include HCT or Hb concentration estimation so as to get a more precise prevalence of anemia in Nigeria and its constituent states. Furthermore, this study finding deviated markedly from WHO reports which showed that about one-half of pregnant women in Africa were anemic.\[[@ref6]\] It is also lower than reports of several other studies from developing countries.\[[@ref7][@ref8][@ref10][@ref11][@ref12][@ref34]\]

A majority of anemia cases in this study were of the mild variety which conforms with the findings of related studies.\[[@ref12][@ref13]\] Also as in the preceding survey from the center, there was no case of severe anemia,\[[@ref14]\] which suggests that severe form of anemia may be uncommon among registered pregnant women at the hospital.

Contrary to the findings of previous studies,\[[@ref12][@ref14]\] this study identified a relationship between women\'s parity and likelihood of anemia in pregnancy \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\]. The odds of anemia in this study was the highest among women in their first ongoing pregnancy (nullipara) followed by grand multiparous women thus, a nulliparous woman was two times more likely to be anemic when compared to those who were para 1 to para 4. Though this finding may appear unusual, it however, supports the report from Oman which showed that nulliparous women had a higher risk of anemia when compared to women that were para 1--2.\[[@ref35]\] Unfortunately, unlike the Oman study,\[[@ref35]\] our study could not control for the effect of hemodilution phenomenon in the second trimester because of inadequate power for such analysis. The increased prevalence of anemia in nullipara may be related to poor nutrition as a result of nausea and vomiting that are more predominant in the group, while that of grandmultiparas may be associated with depleted iron stores as a result of repeated pregnancies. A recent study at the hospital showed that the average inter-birth interval was suboptimal,\[[@ref36]\] which may support the depleted iron stores theory in grandmultiparous women. Furthermore, women in second trimester of pregnancy were about two times more likely to have anemia when compared to those in third trimester though, the relationship was not significant-a larger sample size would have increased the study\'s precision. This increased odds of anemia in the second trimester was also found in other studies,\[[@ref14][@ref34]\] and it is related to a significantly reduced average HCT in the second trimester as observed in the present study. On the other hand, maternal age, obesity, and educational status had no significant association with prevalence of anemia in this study. It is observed that the reports from the study area show varying levels of association between suspected maternal predictors and anemia in pregnancy;\[[@ref13][@ref14]\] therefore, a well-designed multi-center study will help determine the real predictors of the condition in our environment.

For varying reasons, over half of the study participants preferred one of either left or right arm for blood sample collection. Furthermore, over 90% of the respondents would want their choice of arm preference sought for and respected during blood collection. This study finding is interesting because it has been observed that most health providers and phlebotomist in our environment decide on the patient\'s arm to be used for blood sample collection without recourse to her preference. This study findings calls for more patients respect and exposes the need for training and retraining of health staff in the act of blood sample collection. It is hoped that this form of patients' respect would be adopted as a routine practice in all health centers in Nigeria including the study center.

The study was based on one hospital which limits its generalization to the study area. However, a rigorous quality control measures employed during the study ensured its internal validity. Outside the measures noted in the study\'s methods, others quality control measures employed were availability of written standard operating protocol including eligibility and exclusion criteria as well as study protocol for PCV estimation and data recording, intermittent certification of centrifuge efficiency. The study was further strengthened by the fact that it explored participant\'s arm preference for blood sample collection--an important aspect of patients' autonomy that is often violated by caregivers in our environment.

Conclusion {#sec1-5}
==========

The average HCT among pregnant women at the UNTH, Enugu Nigeria was within normal range, and the prevalence of anemia was lower than the preceding report. The majority of women expressed a preference for either right or left arm for blood collection for clinical investigations and would wish their choices are sought for and respected. It is important that phlebotomist and caregivers enquire about, and respect the arm preference of pregnant women during blood sample collection for any investigation.
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